Aim: An experimental teaching and learning program used in biochemistry and molecular biology with first-year students in the second term in the Faculty of Biological Sciences at Huanghuai University, China. Materials: Sixty students were divided randomly into two sections (n=30 per section). Students in one section were divided randomly into five groups (six students in each group) and taught using a hybrid collaborative learning and lecture method (experimental section). The second section was taught using a traditional teaching method (control section). To assess achievement, examinations were carried out at the end of every textbook chapter and a final examination in biochemistry and molecular biology was administered at the end of the course. To determine students' attitude to the teaching methods used, a questionnaire survey was conducted at the end of the term. Results: Results showed that students preferred the experimental method. In the experimental section, students' scores were significantly higher than those of students in the control section both in the chapter and the final examinations (p < 0.05). Results indicate that the collaborative learning-and quiz-based teaching and learning style is superior to the traditional method of teaching and learning biochemistry and molecular biology.
INTRODUCTION
Biochemistry and molecular biology is a basic course in the biological curriculum. Traditionally, the teaching of biochemistry and molecular biology relies heavily on abstract molecule-structure-and biochemistry-reaction-based didactic lectures. In this traditional teacher-centered method of teaching and learning, the teacher delivers information and students passively receive knowledge mainly through theoretical lectures. This teaching strategy might not stimulate students' interest in biochemistry and molecular biology and might even discourage students from studying. With recent changes to the medical curricula, biochemistry and molecular biology is increasingly being taught in several different ways. [1] [2] [3] [4] The value of collaborative learning has received increased attention in recent years. 5 In our previous article collabo- rative quiz-based teaching strategy in histology, we found that collaborative quiz can be considered as an effective teaching and learning strategy. 6 In this article, we introduce a new teaching style for a course in biochemistry and molecular biology which incorporates both the merits of collaborative learning-based and collaborative quiz-based teaching and learning style. As a result of the present study, we expect to change the teacher-centered teaching strategy into one that is centered on students.
MATERIALS AND METHODS

Students and the Collaborative Learning-and Quiz-based Teaching Strategy
Sixty students at the Faculty of Biological Sciences at the Huanghuai University of China were divided randomly into two sections, one of which was an experimental section and the other a control section (n=30/section). The experimental section was taught using the collaborative learning-and quiz-based teaching and learning strategy and the control section was taught using the traditional teaching and learning method. The procedure used in the experimental section was as follows: First, students were required to preview the course material before each chapter. And the quiz topics were given to students at the beginning of each chapter. Second, Thirty students were divided randomly into five groups (n=30/group) and collaborative learning directed by themselves were performed. Students were allowed to discuss the course material to each other in any form. Third, Collaborative quizzes were performed at the end of each chapter and students were allowed to interact and discuss questions about the quiz topics with partners. Fourth, at the end of the quizzes, one student out of each group was randomly required to answer some questions about the course material that was taught. The student's score was regarded as the group's score. Students in the control section were also required to preview the course material before each chapter.
Questionnaire
A questionnaire was distributed to students in both the experimental and control sections using the previous procedure. [6] [7] [8] The demographic method was used to collect information about the students. The questionnaire, which was distributed to all of the students, was completely anonymous. The distribution of answers was analyzed as percentages of the total number of students in each 30-student section. The contents of the questionnaire are shown in Box 1.
Final examination
Both sections took the same final examination, which comprised of five different sections. The first section consisted of 40 fill-in-the-blank questions, the second section consisted of 40 multiple-choice questions, the third section consisted of 30 true/false statements, the fourth section consisted of 5 short-essay questions and the fifth section consisted of 5 essay questions. Each student in both experimental section and control section was required to complete all the questions independently.
Statistical analysis
Data were all expressed as M±SD. Data analysis was performed using univariate ANOVA and was considered statistically significant at p < .05. Figure 1 and Table 1 show the mean and standard deviation of the percentage of correct answers in every test section (fill-in-the-blanks questions, single-bestresponse multiple-choice, true/false, short-essay questions and essay questions) on the final examination. Statistical analysis showed that the scores of various types of questions of the students in the experimental section were significantly higher than those of the students in the control section (p < .05). The final average score in the experimental section (90±2%) was significantly higher (p < .05) than that of students in the control section (76±1%).
RESULTS
Final examination
Questionnaire survey
All of the students returned the questionnaire and the results are presented in Table 2 and 3. 
DISCUSSION
Collaborative learning, which allowed students to work together towards a shared understanding of concepts or materials taught, is a well-established pedagogy. 9 Collaborative learning environment are more responsible for their own learning and tend to have a more positive attitude toward the subject matter. 10 In recent years，collaborative testing was studied by many researchers and the value was confirmed. 5, 6, 8 Collaborative testing is helpful not only to low-performing students but also to outstanding students. 11 Quiz-based and collaborative teaching strategies have previously been found to be efficient in improving laboratory exercises.
12
In previous studies, collaborative testing was used as a method of assessing students' achievement and teachers' effectiveness. 5, 13 However, quizzes with collaborative learning were used as learning tools in the present study, in which partners learn from each other, help each other and supervise each other. In our collaborative-quiz style, the teacher randomly chooses one student out of each group to answer some questions and this student's score will be regarded as the group's score. Each individual must be responsible for their group, so our collaborative quizzes were more conducive to cultivating a student's sense of responsibility. To assess the effect of the collaborative learning-and quiz-based teaching and learning strategy, final examination was performed. And the results showed that the scores of students in the experimental section were significantly higher than that of students in the control section. These findings indicated our teaching strategy used in the experimental section in the present study is an effective teaching and learning tool. The traditional teaching and learning style is a teacher-centered program in which students are passively received the knowledge. In fact, the hybrid collaborative learning and collaborative quiz used in experimental section in the present study is a student-centered teaching and learning mode. The students learned mainly through self-directed style and by discussing with subgroup partners. To assess the student attitude to the teaching and learning method, questionnaire survey was conducted. The results showed that students appreciate the collaborative learning-and collaborative quiz-based teaching strategy better. They think when students learn with others, they have emotional and intellectual support that allows them to go beyond their present knowledge. Collaboration allows them to become more engaged in learning by encouraging discussion and encouraging greater effort. And collaboration makes them understand the teaching-learning material better than they do when learn independently. It is worth noting that the average scores for short-essay questions and essay questions in experimental section were significantly higher than those in control section. The scores of other examination questions presented no statistically significant difference between the two sections. We speculate the reasons lie in the fact that short-essay questions and essay questions involve profound issues and the students were developed the ability to think deeply through the collaborative learningand collaborative quiz-based teaching and learning style. Students so answered during the questionnaire.
CONCLUSION
Collaborative earning-and quiz-based teaching and learning style is an effective teaching and learning method in biochemistry and molecular biology.
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